To evaluate the risk of deep sternal infection in a large patient cohort following bilateral internal thoracic artery (BITA) grafting using skeletonized BITA dissection.
Objective
To evaluate the risk of deep sternal infection in a large patient cohort following bilateral internal thoracic artery (BITA) grafting using skeletonized BITA dissection.
Summary Background Data
Complete myocardial revascularization using BITAs improves long-term survival and lowers the rate of repeat operations. Harvesting of ITAs as skeletonized vessels preserves sternal collateral blood supply, thus enabling rapid sternal healing with less risk of deep sternal infection.
Methods
One thousand consecutive patients (763 men, 340 patients Ͼ70 years old, 304 diabetics) underwent skeletonized BITA grafting from April 1996 to July 1999.
Results
The 30-day mortality rate was 3.4%. There were 10 perioperative infarcts, 16 strokes, and 22 deep sternal infections.
There was an increased risk of deep sternal infection in repeat coronary artery bypass grafting (CABG) operations (15%), chronic obstructive pulmonary disease (COPD) (6.2%), congestive heart failure (4.7%), left ventricular dysfunction (ejection fraction Ͻ 35%, 4.5%), and longer aortic cross-clamping time. After adjustment for other demographic, clinical, and surgical predictors, the only independent predictors of deep sternal infection were repeat operations, COPD, and duration of aortic cross-clamping. No patients in the reoperation subgroup died, but three of six COPD patients with deep sternal infection died, and COPD was an independent predictor of overall (early ϩ late) mortality.
Conclusions
Skeletonized BITA grafting carries an acceptable risk of deep sternal infection but is not recommended for repeat CABG or for patients with COPD.
Recent data have suggested survival benefits for patients with bilateral rather than single internal thoracic artery grafting. [1] [2] [3] In addition, patients with bilateral internal thoracic artery (BITA) grafts had improved freedom from myocardial infarction, recurrence of angina pectoris, percutaneous coronary angioplasty, and repeat operation. [1] [2] [3] Most surgeons do not routinely use BITA grafting because multiple retrospective clinical studies have shown that the technique was associated with an increased risk of deep sternal infections, especially in diabetic, elderly, and obese patients. [4] [5] [6] In most centers, the ITA is isolated from the chest wall as a pedicle, together with the vein, muscle, fat, and accompanying endothoracic fascia. The electrocautery that is used for harvesting damages the blood supply to the sternum, and this in turn impedes sternal healing and exposes the sternum to the risk of early dehiscence and infection. A surgical technique was developed a decade ago in which the ITA is dissected as a skeletonized vessel. 7 The skeletonized artery is gently isolated with silver clip and scissors without the use of cauterization, a factor that probably decreases collateral vessel damage. The advantages of this technique are that a skeletonized artery is distinctly longer and its spontaneous blood flow is greater than that of a pediculated ITA. 8 Another advantage of using a skeletonized ITA is the preservation of collateral blood supply to the sternum. Clinical studies using technetium-99m methylene diphosphate bone scanning and single photon emission computed tomography provided evidence that dissecting an ITA as a pediculated graft reduced blood supply to the sternum more than harvesting an ITA as a skeletonized vessel. 9 -11 These studies provided a theoretical basis for a decrease in the risk of sternal wound complication in patients undergoing double ITA bypass grafting.
In May 1996 we decided to adopt the skeletonized BITA technique as the preferred method for myocardial revascularization in our department. In the present study, we report our clinical experience in a series of 1,000 consecutive patients who underwent coronary artery bypass grafting (CABG) employing skeletonized BITAs. Deep sternal wound complications had been and remain the main concern when using BITAs: we evaluated the rate of occurrence of these complications with the skeletonized BITA technique and sought to define the relevant perioperative risk factors.
METHODS
From April 1996 to July 1999, 1,000 consecutive patients underwent CABG with the use of skeletonized BITA grafts at the Tel-Aviv Sourasky Medical Center. The preoperative and operative characteristics of these patients are listed in Table 1 .
There were 763 men and 237 women, 350 (35%) patients were older than 70 years of age, and 306 were diabetics. In 365 (36.5%) patients, skeletonized BITAs were used as in situ grafts. The right ITA was routed across the midline to graft the LAD and the in situ left ITA-supplied branches of the circumflex artery. In the remaining 635 (63.5%) patients in whom the right ITA was not long enough to be connected to the LAD, we used the composite T-graft technique in which a free right ITA was connected to the in situ left ITA. When bypass to the right coronary artery was necessary and the right ITA was not long enough, we used the right gastroepiploic artery in cases of critical stenosis (Ͼ90%), or, alternatively, a saphenous vein graft was used when there was less critical RCA stenosis.
The BITAs were harvested as skeletonized grafts without the use of electrocautery before heparin administration. The technical aspects of our harvesting of a skeletonized ITA were described previously. 12, 13 These 1,000 operations were all performed with cardiopulmonary bypass. The myocardial preservation technique involved intermittent antegrade infusion of mildly hypothermic (32°C) blood cardioplegic solution. All patients started to receive prophylactic antibiotics (vancomycin and cefuroxime) when a central venous line was placed after their arrival to the operating room. Repeated doses of cefuroxime were given every 8 hours during the first 48 hours after surgery. To decrease the risk of spasm of the arterial grafts, all patients were treated with high-dose intravenous infusion of isosorbide dinitrate (4 -20 mg/h) during the first 48 hours postoperatively. A perioperative myocardial infarction was defined by the appearance of new Q waves in the electrocardiogram associated with elevated levels of creatine phosphokinase MB fraction more than 50 mu/mL. A cerebrovascular accident was defined as a new permanent neurologic deficit and computed tomographic evidence of cerebral infarction. Chronic renal failure was diagnosed if the creatinine level exceeded 1.8. Our definition of "emergency operation" is based on STS guidelines and includes patients with ongoing angina, failed percutaneous transluminal coronary angioplasty, acute evolving myocardial infarction, pulmonary edema, and cardiogenic shock. For patients who needed emergency surgery and were not stabilized after intraaortic balloon counterpulsation, we usually used one ITA combined with saphenous vein grafts. Deep sternal infection was defined as the sum of deep infection and late dehiscence requiring sternectomy.
Statistical Analysis
Data are expressed as mean Ϯ standard deviation or proportions. The chi-square test and two-sample t tests were used to compare discrete and continuous variables, respectively. P Ͻ .05 was considered to indicate statistical significance on two-tailed testing. Multivariate logistic regression analysis was used to predict deep sternal wound infection and overall (early and late) mortality by the various risk factors. The odds ratio (OR) and 95% confidence intervals (CIs) are given. All analyses were performed using SPSS 9 software.
RESULTS
The 1,000 study patients received from two to five grafts (mean 3.2). The average cardiopulmonary bypass time was 78 Ϯ 27 minutes and the average aortic cross-clamping time was 65 Ϯ 21 minutes. The early (perioperative) mortality rate was 3.4% (34/1,000 patients). Postoperative morbidity included perioperative myocardial infarction (1%, 10 patients), stroke (1.6%, 16 patients), wound infection (4.6%, 46 patients), and pulmonary emboli (0.2%, 2 patients).
The deep sternal wound infection rate was 2.2% (22 patients). Seventeen (77.2%) patients had primary mediastinitis and osteomyelitis, and five (22.8%) had dehiscence followed by mediastinitis. The surgical treatment of deep sternal wound infection included debridement of necrotic tissue or sternectomy, topical treatment with antiseptic solution, systemic antibiotics, and reconstruction with rotated muscle flaps or greater omentum flap. Reconstruction was performed after the wound culture results returned negative. The mortality rate for patients with deep sternal wound complications was 31.8% (n ϭ 7 patients).
We found no difference in the rate of deep sternal wound infection among the specific high-risk groups (i.e., diabetic, obesity, female, and elderly) compared to patients without these risk factors (see Table 1 ). In the subgroup of patients with diabetes, there was no significant difference in the occurrence of deep sternal wound infection between the patients who were not treated with insulin (7/280 [2.6%] had sternal infection) and those who were treated with insulin (1/26 [3.8%] had sternal infection). In contrast, an increased risk of deep sternal infection was recorded for patients who underwent repeat CABG operations (15%) and those who had chronic obstructive pulmonary disease (COPD) (6.2%), congestive heart failure (4.7%), and left ventricular dysfunction (ejection fraction Ͻ 35%, 4.5%). Longer aortic cross-clamping time was also associated with an increased occurrence of sternal infection (P Ͻ .05). Using multivariable regression analysis, we found that after adjustment for all the other demographic, clinical, and surgical predictors, the only independent predictors of deep sternal infection were repeat CABG operations (OR 7.48, 95% CI 1.77-31.6), COPD (OR 3.66, 95% CI 1.25-10.74), and the duration of aortic cross-clamping (OR 0.98, 95% CI 0.97-1.00). There were no deaths in the reoperation subgroup, but three of the six COPD patients with deep sternal infection died, and COPD was found to be an independent predictor of overall (early ϩ late) mortality (OR 2.16, 95% CI 1.75-4.35).
DISCUSSION
Harvesting of pedicled BITAs has been associated with an increased risk of deep sternal wound infection, especially in diabetic, elderly, and obese patients. 5, 6, 14 Kouchoukos et al. demonstrated sternal wound infection rates of 1.9% and 6.9%, respectively, for single ITA and bilateral ITA. 5 They also reported that diabetic patients with BITA had an infection rate of 12.5%.
Several mechanisms may be involved in poor sternal healing in patients undergoing BITA grafting, but the main one is probably related to decreased sternal blood supply after BITA harvesting. Numerous studies have demonstrated that harvesting of pedicled BITAs causes transient almost complete devascularization of the sternum. 15, 16 Unlike pedicled BITA harvesting, skeletonizing dissection of ITAs preserves the collateral blood supply to the sternum, 9 -11 and this approach is associated with a relatively low rate of sternal wound infection, even in obese or diabetic patients. 12, 17, 18 The other advantages of skeletonized ITAs compared with pedicled ones are that skeletonized ITAs are longer and their spontaneous blood flow is greater. 8, 18 In our previous study describing our experience with half the number of patients (i.e., 545), we showed that the use of skeletonized BITAs was not associated with an increased risk of this complication, 18 while COPD and emergency operation were found to be associated with an increased risk of deep sternal infection. We also did not find Infected Sternum Risk With Artery Grafts an increased occurrence of deep sternal infection in diabetic compared with nondiabetic patients. 12, 17, 18 The present data are based on 1,000 consecutive patients who underwent CABG with use of skeletonized BITAs. The rate of deep sternal wound infection in this group was relatively low (2.2%) and comparable to that in patients undergoing CABG with single ITA use. Univariate analysis demonstrated severe COPD, repeat operation, congestive heart failure, and left ventricular dysfunction to be associated with an increased risk of sternal infection, while diabetes, gender, and old age were not found to be significant predictors. We also did not find an increased occurrence of sternal infection with the insulin-dependent type of diabetes mellitus.
A new observation of the present study was the surprisingly high incidence of deep sternal wound infections in patients undergoing repeat operation. This may be associated with a decreased blood supply to the healing zone of a sternum undergoing re-sternotomy, but there is no definitive explanation for these data.
In summary, we advocate the use of skeletonized BITAs for myocardial revascularization. This technique is associated with low morbidity and has survival benefit. The use of BITAs as skeletonized vessels is associated with a low rate of deep sternal infection, probably associated with less devascularization of the sternum. It appears to be an appropriate technique for such high-risk patients as diabetics and the elderly. Since BITA grafting was found to be associated with an increased risk of sternal infection in the subgroup of patients with COPD and in patients undergoing repeat operation, we advocate avoiding this approach in patients with these risk factors.
